1. Background {#sec167319}
=============

Sepsis is a consequence of systemic inflammatory response to an infection, which is characterized by release of pro- and anti-inflammatory mediators ([@A33780R1]).

The coagulation and inflammation systems affect on each other directly and both are involved in sepsis; the inflammation provokes coagulation and conversely, coagulation promotes an inflammation process ([@A33780R2]).

Inflammatory mediators such as tumor necrosis factor, interleukin 1, and interleukin 6 can damage the endothelium and initiate procoagulant and antifibrinolytic response. Activation of coagulation leads in consumption of anticoagulants such as antithrombin and protein C in blood circulation and release of plasminogen activator inhibitor-1 (PAI-1) ([@A33780R1]). Plasminogen activator inhibitor-1 is a serine protease inhibitor, which inhibits the tissue plasminogen activator resulting in fibrinolysis ([@A33780R2]).

The complex of activated protein C (APC) with PAI-1 precedes fibrinolysis; so, depletion of the APC in sepsis results in increased plasma PAI-1 level ([@A33780R2]).

Plasminogen activator inhibitor-1 has a pivotal role in inhibition of fibrinolysis during sepsis. Multiple organ dysfunction syndrome (MODS) can occur as a result of high plasma levels of PAI-1, which can lead to increase in mortality in septic patients ([@A33780R3]). Earlier studies have reported that an elevated PAI-1 level is associated with poor prognosis and higher disease severity and mortality in sepsis ([@A33780R2], [@A33780R4]). Around 30% of septic patients have multiple organs failure ([@A33780R5]). The multiple organ dysfunction syndrome is one of the most fatal complications in septic patients which is the consequence of extensive thrombosis in blood vessels and reduction in perfusion of different organs ([@A33780R5]).

Acute kidney injury (AKI) is common in critically ill patients, particularly in the presence of sepsis. Despite recent achievements in managing sepsis, AKI remains an obstacle in treatment of septic patients. It is partly due to the lack of a reliable marker for the assessment of kidney function. It has been well clarified in earlier studies, that serum creatinine has limitations, which make it an inaccurate marker of kidney function. Recent studies confirm that there is an increase in plasma and urine necoutrophil gelatinase-associated lipocalin (NGAL) in septic patients. The plasma NGAL can rise in patients with sepsis due to inflammation, independent of kidney failure but the urinary NGAL is more reliable in detecting kidney dysfunction in sepsis ([@A33780R6]).

Unfractionated heparin (UFH) has well-known antithrombotic effects by inhibiting thrombin formation, which potentiates the activity of antithrombin. A less known property of heparin is its potential to act as an anti-inflammatory agent that appears to be independent of its role as an anticoagulant. Although the exact mechanism is not clear, it has been hypothesized it is partly due to the link between inflammation and thrombin activation; however, it seems that there are mechanisms other than anticoagulant effects of heparin. Earlier studies proposed that due to interconnection between thrombosis and inflammation, thrombin inhibition may result in limitation of inflammatory process ([@A33780R7], [@A33780R8]).

2. Objectives {#sec167320}
=============

Subcutaneous (SC) heparin is commonly used for prophylaxis of thrombosis. Since increased survival has been reported by use of therapeutic intravenous heparin in sepsis ([@A33780R9]), we hypothesized that using low-dose heparin infusion for thromboprophylaxis may have anti-inflammatory properties and reduce MODS in these patients.

The aim of the current study was to compare the anti-inflammatory effects of intravenous heparin versus subcutaneous heparin in patients with sepsis. To compare this effect, the PAI-1 level as an inflammatory factor was used. Also, given that organ failure is a consequence of thrombosis and inflammation, NGAL, as a marker of kidney function, was compared.

3. Patients and Methods {#sec167321}
=======================

This study was approved by the ethics committee of Tehran University of Medical Sciences and a written informed consent was obtained from the patients or from the family members (IRCT2015071122668N1). This prospective, randomized controlled trial was conducted in a 32-bed intensive care unit (ICU). Patients aged 18 years old or greater who were diagnosed with sepsis were enrolled. The diagnosis of sepsis was made according to "surviving sepsis campaign: international guidelines for management of severe sepsis and septic shock" ([@A33780R10]). Exclusion criteria were pregnancy, increased risk for bleeding, requirement of anticoagulation, transplantation, PLT \< 50 × 10^6^ per mL, history of HIT, allergy to heparin, and acute and chronic kidney injury. Thirty patients were included in the study and assigned randomly to the infusion group to receive 500 units of heparin per hour or the subcutaneous group to receive 5,000 units every eight hours. The total daily dose of heparin in the infusion group was 12,500 units and in the subcutaneous group was 15000 units and both continued for 7 days or until discharge or death if these occurred before. Other managements were based on latest guidelines and clinical judgment.

Variables that were recorded for each patient included sex, age, past medical history and site of infection. We also recorded vital signs, intake, output, blood urea nitrogen (BUN), serum creatinine, platelet count, lactic acid, the international normalized ratio (INR), activated partial thromboplastin time (aPTT), acute physiology and chronic health evaluation (APACHE)-II score, and sequential organ failure assessment (SOFA) score. The plasma PAI-1 and urinary NGAL levels were assessed on day 0, 2 and 7 of ICU admission.

Urine and venous blood samples were centrifuged within 30 minutes at 5,000 g for 7 minutes. Samples were kept in -80°C until further assay.

The PAI-1 and NGAL antigens were determined by the enzyme-linked immunosorbent assay (ELISA) (Crystal Day Biotech CO., LTD, Shanghai, China) as stated by manufacturer\'s instructions.

In the event of bleeding, heparin treatment was interrupted and continued only after normal coagulation tests were reported. In cases of prolonged aPTT (more than 70 seconds) infusion was paused and test was repeated and after reduction to less than 60 seconds, infusion was resumed. Infusion was stopped if the platelet counts fell below 50 × 10^6^ per mL any time during study.

All variable data were tested for normality using the Kolmogorov-Smirnov test. Categorical variables were compared with the chi-square test. Statistical analyses were performed using Student's t-test for comparison between the two groups. Differences between the two groups for each variable were analyzed using the analysis of variance for repeated measurements with one grouping factor (infusion versus subcutaneous) and one within-subject factor (day 0, 2, 7). A P value of less than 0.05 was considered statistically significant. Statistical analyses were performed with IBM SPSS statistics for windows, version 22.0 (Armonk, NY: IBM Corp).

4. Results {#sec167322}
==========

In total, 52 patients were assessed for eligibility and 30 patients met the inclusion criteria. Patients were randomly assigned to receive heparin 5,000 units three times a day, subcutaneously or heparin infusion 500 units per hour. Patient's baseline characteristics are shown in [Table 1](#tbl42634){ref-type="table"}. There were no significant differences regarding age, sex, preexisting conditions, source of infection, INR, aPTT, platelets count, SIRS criteria, serum creatinine, urinary output and procalcitonin on day 0.

###### Baseline Characteristics of the Patients

                                                                                      Infusion (N = 15)   Subcutaneous (N = 15)   P Value
  ----------------------------------------------------------------------------------- ------------------- ----------------------- ---------
  **Age, y** ^**[a](#fn45750){ref-type="table-fn"}**^                                 57.4 (19.3)         59.6 (22.8)             0.77
  **Male sex** ^**[b](#fn45751){ref-type="table-fn"}**^                               7 (46)              8 (53)                  0.75
  **Preexisting conditions** ^**[b](#fn45751){ref-type="table-fn"}**^                                                             
  CAD                                                                                 5 (33.3)            6 (40)                  0.51
  CHF                                                                                 4 (26.6)            2 (13.3)                0.43
  HTN                                                                                 9 (60)              6 (40)                  0.37
  COPD                                                                                2 (13.3)            1 (6.6)                 0.21
  CKD                                                                                 0                   0                       1
  Diabetes                                                                            2 (13.3)            3 (20)                  0.67
  Cancer                                                                              3 (20)              2 (13.3)                0.15
  **The source of infection** ^**[b](#fn45751){ref-type="table-fn"}**^                                                            
  Lung                                                                                7 (46.6)            5 (33.3)                0.41
  Abdomen                                                                             3 (20)              2 (13.3)                0.37
  Urinary                                                                             2 (13.3)            4 (26.6)                0.27
  Other                                                                               3 (20)              4 (26.6)                0.60
  **APACHE II** ^**[a](#fn45750){ref-type="table-fn"}**^                              24.9 (5.5)          22.4 (4.2)              0.17
  **SOFA** ^**[a](#fn45750){ref-type="table-fn"}**^                                   7.0 (1.7)           6.0 (2.2)               0.15
  **Procalcitonin, mcg/L** ^**[a](#fn45750){ref-type="table-fn"}**^                   6.4 (11.8)          4.3 (7.4)               0.50
  **SIRS criteria** ^**[a](#fn45750){ref-type="table-fn"}**^                                                                      
  Temperature, °C                                                                     38.0 (1.2)          37.7 (1.02)             0.41
  Heart rate, bpm                                                                     102.9 (25.1)        94.2 (16.6)             0.27
  Mechanically ventilated^[b](#fn45751){ref-type="table-fn"}^                         13 (86.6)           12 (80)                 0.7
  Leucocyte count, × 10^9^/L                                                          14.0                12.6 (6.8)              0.52
  **ESR, mm/h** ^**[a](#fn45750){ref-type="table-fn"}**^                              61.6 (31.9)         61.4 (21.5)             0.20
  **CRP, mg/L** ^**[a](#fn45750){ref-type="table-fn"}**^                              112.6 (62.9)        90.2 (45.2)             0.28
  **Cr, mg/dL** ^**[a](#fn45750){ref-type="table-fn"}**^                              1.2 (0.5)           0.98 (0.5)              0.32
  **Urinary output, mL/24 h** ^**[a](#fn45750){ref-type="table-fn"}**^                2047 (1265)         1862 (1316)             0.64
  **INR** ^**[a](#fn45750){ref-type="table-fn"}**^                                    1.5 (0.87)          1.2 (0.2)               0.25
  **aPTT, s** ^**[a](#fn45750){ref-type="table-fn"}**^                                48.9 (24.8)         45.0 (23.6)             0.66
  **Platelet counts, × 10** ^**9**^ **/L** ^**[a](#fn45750){ref-type="table-fn"}**^   226.2 (104)         174.7 (81.3)            0.14

^a^Values are expressed as mean (SD).

^b^Values are expressed as No. (%).

At baseline, the APACHE II and SOFA scores were higher in the heparin infusion group, but they did not reach statistical significance (24.9 ± 5.5, 22.4 ± 4.2, P = 0.17). The APACHE II and SOFA scores were reduced during the study in both groups although there was no significant difference between these groups. No major bleeding was reported in none of these groups. Although there were cases of minor bleeding in both groups, no difference was observed between them.

[Table 2](#tbl42635){ref-type="table"} shows the PAI-1 and urinary NGAL levels at day 0, 2 and 7. There was no difference regarding the PAI-1 level at baseline (P = 0.66); however, after 2 days the PAI-1 level was reduced in the infusion group, and at day 7 the PAI-1 level in the infusion group was significantly lower than that after 2 days (11.3 ± 1.6 vs. 16.5 ± 4.2; P = 0.003).

###### The Plasminogen Activator Inhibitor-1 and Necoutrophil Gelatinase-Associated Lipocalin Levels at Baseline, Day 2 and Day 7^[a](#fn45752){ref-type="table-fn"}^

                     Baseline       2 Days         7 Days
  ------------------ -------------- -------------- --------------
  **PAI-1, AU/mL**                                 
  Infusion           21.86 (11.5)   14.9 (5.0)     11.3 (1.6)
  Subcutaneous       20.3 (7.0)     18.3 (6.4)     16.5 (4.2)
  P value            0.668          0.177          0.003
  **NGAL, ng/mL**                                  
  Infusion           140.4 (20.2)   131.3 (11.9)   130.7 (10.1)
  Subcutaneous       142.6 (19.5)   151.2 (20.6)   136.7 (13.7)
  P value            0.757          0.014          0.258

^a^Values are expressed as mean (SD).

The urinary NGAL level had different pattern. Although two groups were similar at baseline, after 2 days the urinary NGAL level was significantly lower in the infusion group (131.3 ± 11.9 vs. 151.2 ± 20.6; P = 0.014). However, at day 7 the urinary NGAL level was similar in the two groups.

The ICU mortality (subcutaneous vs. infusion: 33.3% vs. 46.7% s, P = 0.456), and length of ICU stay (subcutaneous vs. infusion: 19.1 ± 5.9 vs. 16.3 ± 6.1 days, P = 0.14) were not significantly different between the two groups ([Table 3](#tbl42636){ref-type="table"}, [Figures 1](#fig31335){ref-type="fig"} - [3](#fig31336){ref-type="fig"}).

###### The Acute Physiology and Chronic Health Evaluation II and Sequential Organ Failure Assessment Scores at Baseline, Day 2 and Day 7^[a](#fn45753){ref-type="table-fn"}^

                  Baseline     2 Days       7 Days
  --------------- ------------ ------------ ------------
  **APACHE II**                             
  Infusion        24.9 (5.5)   22.3 (5.7)   16.0 (5.6)
  Subcutaneous    22.4 (4.2)   19.2 (5.6)   16.6 (5.6)
  P value         0.17         0.17         0.77
  **SOFA**                                  
  Infusion        7.0 (1.7)    7.1 (2.4)    5.4 (2.0)
  Subcutaneous    6.0 (2.2)    5.3 (3.1)    5.8 (3.1)
  P value         0.15         0.13         0.7

^a^Values are expressed as mean (SD).

![Flow Diagram for Patient Enrollment or Exclusion in the Study](aapm-06-02-33780-i001){#fig31335}

![The Plasminogen Activator Inhibitor-1 Level at Baseline, Day 2 and Day 7](aapm-06-02-33780-i002){#fig31337}

![The Necoutrophil Gelatinase-Associated Lipocalin Level at Baseline, Day 2 and Day 7](aapm-06-02-33780-i003){#fig31336}

5. Discussion {#sec167323}
=============

Our study found that low-dose heparin infusion in sepsis could have desirable effects on the plasma PAI-1 and urinary NGAL levels, while the routine dose of subcutaneous heparin for thromboprophylaxis was unable to show any favorable effect on the PAI-1 or NGAL level. There was no significant difference in levels of these factors at baseline. After 2 days the urinary NGAL level was significantly lower in the infusion group compared to the subcutaneous group but interestingly this difference abated on day 7. The plasma PAI-1 level showed different pattern. Although there was no difference in the PAI-1 level at baseline, gradually the difference between the two groups increased and it became statistically significant on day 7. The ICU mortality and ICU stay were not different between the two groups.

Heparin is commonly used in critically ill patients as an antithrombotic agent. However, recently the anti-inflammatory effect of heparin has been investigated in some studies ([@A33780R7], [@A33780R11]).

Heparin alters production and function of inflammatory mediators, which are released during sepsis ([@A33780R12]).

Heparin reduces morality in sepsis, septic shock, and septic disseminated intravascular coagulation (DIC) ([@A33780R13]). Earlier studies compared heparin with placebo or usual care. These studies reported the risk ratio of 0.88 for death. This reduction in mortality is believed to be associated with the effect of heparin on coagulation and inflammation pathways ([@A33780R13]).

Administration of heparin via subcutaneous route decreases its bioavailability to a great extent compared to intravenous delivery of drug. Heparin binds highly to proteins and surfaces. Also, the administration of vasopressors reduces absorption in subcutaneous route ([@A33780R1], [@A33780R14]). Sepsis causes disruption in microcirculation, which decreases absorption of drugs to a greater extent ([@A33780R14]). Due to these barriers patients may need to receive higher doses of heparin, subcutaneously.

Plasma concentration of heparin is reduced notably when low to moderate doses are administered subcutaneously compared to intravenous administration. However, in high doses plasma concentration is comparable in these two routes ([@A33780R15], [@A33780R16]).

Low-dose heparin infusion of 500 units/hour has been studied and confirmed efficacy versus placebo in patients with sepsis ([@A33780R17]). This dose was preferred according to the best risk/benefit ratio to produce optimum heparin plasma concentration to activate antithrombin and decrease fibrin production without full anticoagulation and increased risk of bleeding ([@A33780R17]). It is recommended to administer 10,000 - 15,000 units heparin per day as thromboprophylaxis in high-risk patients ([@A33780R10]). By infusion of 500 units/hour, total daily dose would be equivalent to 12,500 units, which is according to the recommended dose for prophylaxis of theromboembolism.

Endotoxin production in sepsis can cause a rise in the plasma PAI- level ([@A33780R17]). The plasminogen activator inhibitor-1 acts as a proinflammatory mediator and up-regulates inflammatory state during sepsis ([@A33780R18]). In another study, heparin was unable to demonstrate any significant effect on the PAI-1 level; however, the APACHE II score, ICU stay, incidence of DIC and MODS were decreased much more in the heparin group compared to placebo ([@A33780R19]). Heparin is inexpensive and safe in such low-doses and it seems reasonable to use early in sepsis.

Severity of sepsis, which is associated with SOFA score, lactic acid levels and coagulation abnormalities, is correlated with the plasma PAI-1 level ([@A33780R2]).

The plasminogen activator inhibitor-1 plays an important role in inhibition of fibrinolysis and generating hypercoagulable state in sepsis, and causes formation of microthrombi in capillaries which results in MODS and increased mortality ([@A33780R18]).

In a study of sepsis induced DIC, an elevated plasma PAI-1 level can predict poor prognosis. Patients with plasma PAI-1 levels higher than 90 ng/mL had lower 28-day survival compared to subgroup with lower than 90 ng/mL. Multivariate logistic regression analyses in this study confirmed that the PAI-1 level is an independent risk factor for 28-day mortality ([@A33780R5]). In another study, patients with PAI-1 levels greater than 90 ng/mL had higher MODS than those with the PAI-1 level below 30 ng/mL ([@A33780R5]). Shapiro et al. proved that the more sever sepsis, the higher plasma PAI-1 level ([@A33780R20]).

In our study, the plasma PAI-1 level decreased in both study groups; however, it was more rapid in the infusion group. The difference between the two groups increased gradually and it became significant at day 7. This result is consistent with findings of other studies in which the PAI-1 level increased early in sepsis and decreased afterward ([@A33780R5], [@A33780R18]). The sustained level of serum heparin provided by continuous infusion may lead to more prominent decrease in PAI-1 as an inflammatory marker. Considering the link between inflammation and coagulation in sepsis, heparin may affect both of these pathways and alleviate the process.

Acute kidney injury is a consequence of progressive inflammation and coagulation in sepsis. Necoutrophil gelatinase-associated lipocalin is a biomarker synthesized by epithelial cells during inflammation. It is removed from the blood by glomerular filtration but reabsorbed completely in the proximal tubules by megalin-mediated endocytosis. The presence of NGAL in urine is an evidence for renal tubular injury and has been used as an early marker of AKI ([@A33780R6]). However, some studies argued that urine NGAL could increase during sepsis without presence of AKI, as a result of saturation of megalin receptors in tubules. Even so, this increase is much higher in AKI patients ([@A33780R21]).

Severity of sepsis associates with the plasma and urinary NGAL levels. Higher levels of NGAL have been reported in more sever sepsis ([@A33780R22]).

In this study, the urinary NGAL level increased slightly in the SC group at day 2 and it decreased again to the level lower than baseline at day 7. In the infusion group, it decreased rapidly in first 48 hours of sepsis diagnosis to the level lower than even day 7 in the SC group. This rapid reduction could be related to heparin effect on coagulation pathway and decrease in production of microthrombi during sepsis. There is a higher rate of organ damage during the early phase of sepsis; therefore, the outcome of any intervention may be apparent in the early days. An increased urinary NGAL level in the SC group on day 2 could be related to poor perfusion of subcutaneous tissue and delayed absorption of drugs via this route of administration, especially in hemodynamically unstable patients. The SC injection may not be an acceptable way of drug delivery in these patients. Serum creatinine and urinary output were not different in the two groups during the study. It is in accordance with the finding of other studies in which the urinary NGAL is more sensitive than serum creatinine in diagnosis of kidney failure ([@A33780R21]).

There are some limitations in the present study. First, this study was a prospective randomized controlled trial conducted in a single center; so, the findings in such studies could not be easily generalized to other centers. Second, the small number of patients enrolled in the study brings a need for larger validation studies to confirm our findings. Third, we did not exclude the majority of patients who were receiving steroids which may affect on proinflammatory mediators such as PAI-1.

Heparin infusion were associated with rapidly decrease of the PAI-1 and NGAL levels early in sepsis. Low-dose heparin infusion can be an inexpensive and relatively safe way in treatment of sepsis and may reduce DIC and organ damage in these patients.
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